Introduction
The accelerometers nowadays are widely used to measure vibrations, seismic monitoring, stabilize platforms, tilts, etc. The fiber Bragg grating (FBG) accelerometers, in particular, are a growing field of research and applications because they possess several advantages over the conventional electrical accelerometers such as immunity to electromagnetic interference (EMI), radio frequency interference (RFI), multiplexing capability, higher sensitivity, low noise and the possibility to implement sensor networks [1] [2] [3] .
We propose a simple modification related to the FBG mounting technique on a cantilever beam in order to increase the sensitivity, compared to conventional FBG based cantilever-mass accelerometers, where a FBG attached to the tip of the cantilever and elongate the fiber length due to the movement of the mass. Through a designed mechanical structure, the FBG sensor converts the vibration into strain signal and this structure owns a higher frequency compared with the civil engineering field.
Theoretical basis of sensitivity enhancement
From the optical accelerometer mechanical structure, in Fig. 1 , it can be described the maximum cantilever deflection by analyzing the cantilever-mass as a nonprismatic beam and the FBG axial strain by using the pure bending theory, as previously described by Casas-Ramos and Sandoval-Romero (2015) [4] . Fig. 1 shows the cantilever and the mass block at its tip as sections of a single mechanical piece; Table 1 shows the variables, values and descriptions (values taken from [4] ). And from the cantilever deflection and FBG axial strain, it can be found device the natural frequency.
The maximum deflection occurs at the tip of the beam, therefore there is a maximum deformation due to the beam bending. The FBG fixed between points A (mass block) and D (sensor's shell). The force = counts the acceleration of gravity = 1, = = 9.81 m/s 2 . The maximum deflection was calculated from the structure geometry, by applying the method of the superposition [5] Fig. 2 . The deflection in the section AC (mass block) shows that the mass block is held rigidly at point C and neither deflects nor rotates at this joint. The deflection in the 3 9 section AC is represented with :
where = ⋅ ℎ /12 and = + . The bending section CB behaves as cantilever beam and contributes to the maximum deflection at A. In the point C the part is subjected to a concentrated load , and results in a deflection and an angle of rotation at the free end:
where = ⋅ ℎ /12. The deflection and rotation angle make an additional contribution to to the maximum deflection . The displacement equals to the following: Transversal fiber optic SMF-28e area The final resulting deflection at the tip of the beam (point A) equals to the sum of deflections and :
By using the pure bending theory [5] [6] [7] , it is known that the beam and the FBG have the flexibility of a spring and can easily be determined from the elongation produced by a known load , the spring constant for each one is:
where is the spring constant to the beam and corresponds to the FBG spring constant. Thus, the natural frequency can be given from the angular natural frequency in:
And by substituting the Table 1 parameters in Eq. (8) this gives a theoretical natural frequency of 237.5 Hz. The given natural frequency value is because the device was designed to maximize the strain along the FBG due to the vertical acceleration. Fig. 3(a) presents the sensor frequency spectrums at 1 g and shows the location of the resonant identification of each data test. By repeating 3 times the experiment, the mean measured natural frequency was 242.4 Hz. The relative error between the measure and theoretical data is about ~2 %. 
Conclusions
By using a fiber optic with the FBG as a spring, enhances the cantilever natural frequency and strain uniformly strain the Bragg grating to increase the sensitivity to the vertical vibrations. The device has a linear response to the vertical vibrations applied (under the device), and this allows to get signals up to 242.4 Hz.
